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Fig. 2
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Fig. 4
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Fig. 10
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OPTICAL ELEMENT, OPTICAL ELEMENT
WAFER, OPTICAL ELEMENT WAFER

MODULE, OPTICAL ELEMENT MODULLE,
METHOD FOR MANUFACTURING OPTICAL
ELEMENT MODULE, ELECTRONIC
ELEMENT WAFER MODULE, METHOD FOR
MANUFACTURING ELECTRONIC ELEMENT
MODULE, ELECTRONIC ELEMENT
MODULE AND ELECTRONIC
INFORMATION DEVICEL

This nonprovisional application claims priority under 335
U.S.C. §119(a) to Patent Applications No. 2008-246969 filed
in Japan on Sep. 25, 2008, and No. 2009-199023 filed 1n

Japan on Aug. 28, 2009, the entire contents of which are
hereby incorporated by reference.

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present mnvention 1s related to an optical element pro-
vided with a lens and an optical function element. Further, the
present invention 1s related to an optical element water pro-
vided with a plurality of optical elements, such as a plurality
of lenses and a plurality of optical function elements, 1n a
waler state. Further, the present mvention 1s related to an
optical element water module 1n which the plurality of optical
clement waters are laminated. Further, the present invention
1s related to an optical element module, which 1s made by
cutting the optical element water or the optical element watfer
module, and a method for manufacturing the optical element
module. Further, the present mvention 1s related to an elec-
tronic element wafer module 1n which the optical element
waler or optical element water module 1s modularized with an
clectronic element water. Further, the present mvention 1s
related to a method for manufacturing an electronic element
module, 1n which the electronic element water module 1s cut
simultaneously 1nto electronic element modules or 1n which
the optical element or optical element module 1s modularized
with an electronic element. Further, the present invention 1s
related to an electronic element module manufactured by the
method for manufacturing the electronic element module.
Further, the present invention 1s related to an electronic infor-
mation device, such as a digital camera (e.g., a digital video
camera or a digital still camera), an 1mage input camera, a
scanner, a facsimile machine, a camera-equipped cell phone
device and a television telephone device, including the elec-
tronic element module used therein.

2. Description of the Related Art

Further downsizing and lowering the cost are requested for
a camera-equipped cell phone device and a personal digital
assistant (PDA) and so on as conventional optical devices that
include an 1mage capturing element and a light-focusing lens
clement thereabove.

In response to such a request, Reference 1 proposes a
method for obtaining an 1image capturing element module, the
method including the steps of: forming and connecting an
image capturing element for performing a photoelectric con-
version on and capturing an image of incident light and a lens
clement thereabove for focusing light at a watfer level; modu-
larizing the 1image capturing element and the lens element as
an 1mage capturing element wafer module, which functions
as an electronic element waler module; and mdividualizing
the modularized 1image capturing element water module by
simultaneous cutting. According to the method, a transparent
substrate 1s adhered above a semiconductor water having an
image capturing element at the center portion, with a spacer
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interposed therebetween. A convex lens 1s formed as a light-
focusing lens element on the transparent substrate 1n a

closely-adhered manner.

Furthermore, Reference 1 discloses an example where a
lens 1s formed 1n each of a plurality of through holes of a lens
substrate. It 1s concerved that a plurality of such lens water
modules are laminated on an 1mage capturing element waiter
to be modularized. FI1G. 9 illustrates this module.

FI1G. 9 illustrates a lens wafer disclosed 1n Reference 1, and
1s an essential part longitudinal cross sectional view 1llustrat-
ing an image capturing water module, 1n which a plurality of
lens waters are used with lenses provided 1n a plurality of
through holes of a lens substrate and the lens walers are
modularized with an image capturing element wafer.

In FIG. 9, an 1image capturing element water module 250
includes: an 1image capturing element wafer 252, in which a
plurality of image capturing elements 251 are arranged in a
matrix, the image capturing elements 251 imncluding a plural-
ity of light receiving sections for performing a photoelectric
conversion on and capturing an 1image of 1mage light from a
subject; and a transparent support substrate 254 with a resin
adhesion layer 253 interposed therebetween, part of which 1s
removed above the image capturing element 251. A lens
waler module 255 1s provided being adhered on the transpar-
ent support substrate 254, the lens water module 235 being
provided such that each lens position corresponds to each of
the plurality of image capturing elements 251. The lens water
module 255 1s provided with a lens substrate 256 in such a
manner to fill an outer circumierence area of a lens, and a lens
waler 255a 1s configured to be adhered on a lens waler 253556
by an adhesive 257 herein. In addition, on a front surface side
of the lens wafer 2534, a light shielding plate 258 with an
opening (hole) on an optical surface A 1s provided by being
adhered by the adhesive 257. Further, the transparent support
substrate 234 1s adhered with the lens water 2555 by the
adhesive 257. The adhesive 257 1s provided 1n an area having
a predetermined width on an outer circumierence side of the
openings of the light shielding plate and the lens substrate 256
as well as along each side inside of square or rectangular
dicing lines DL on the outer circumierence side of the circular
optical surface A at the center, when viewing the image cap-
turing element water module 250 of FIG. 10, as 1llustrated in
FIG. 9.

The 1image capturing element water module 250 1s 1llus-
trated 1 FIG. 9 with a unitary module cross-sectional struc-
ture; however, a large number of the umitary module cross-
sectional structures are arranged i a matrix of row and
column directions. The unitary module cross-sectional struc-
ture 1s an 1mage capturing element module after the individu-
alizing along the dicing lines DL.

Retference 1: Japanese Laid-Open Publication No. 20035-
539276

SUMMARY OF THE INVENTION

The conventional structure of Reference 1 has a problem of
the variation of lens thicknesses a and ¢ of the lens waters
255a and 2535b. This occurs because a transparent lens resin
does not have room to escape irom the pressure ol metal
molds from the top and bottom when forming the lens, and as
a result, the contact pressure becomes high when the amount
of the resin for the transparent lens resin 1s large and the lens
thicknesses a and ¢ become thick.

The present invention 1s intended to solve the conventional
problems described above. The objective of the present inven-
tion 1s to provide: an optical element water capable of con-
trolling the variation of the lens thickness of a lens water; an
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optical element individualized from the optical element
waler; an optical element waler module in which the plurality
of optical element walers are laminated; an optical element
module individualized from the optical element water mod-
ule; a method for manufacturing the optical element module
in which the optical element module 1s manufactured by
cutting the optical element walfer or optical element wafer
module or by modularizing the optical element or optical
element module with an electronic element; an electronic
clement water module in which the optical element water or
optical element waler module 1s modularized with an elec-
tronic element watfer; a method for manufacturing an elec-
tronic element module; an electronic element module manu-
factured by the method for manufacturing the electronic
element module; and an electronic information device, such
as a camera-equipped cell phone device, including the elec-
tronic element module used as an 1image mput device 1n an
image capturing section thereof.

An optical element according to the present mvention
includes: an optical surface at a center portion thereof; a
spacer section having a predetermined thickness on an outer
circumierence side of the optical surface; a support plate
including one or a plurality of through holes penetrating a
portion corresponding to the optical surface, inside a trans-
parent resin material; and a penetrating portion and/or a con-
cave portion for releasing the resin material when forming
resin, 1n a further outer peripheral portion of the support plate,
thereby achieving the objective described above.

Preferably, 1n an optical element according to the present
invention, the support plate has light shielding characteristics,
an mner circumierence surface of the through hole of the
support plate 1s configured with an inclined surface, a side of
an outer circumierence portion of the through hole 1s pro-
vided inside the spacer section, and the side of the outer
circumierence portion of the through hole 1s thicker than a
side of a further outer circumierence portion thereof.

Still preferably, 1n an optical element according to the
present invention, the outer circumierence portion and the
turther outer circumierence portion of the through hole of the
support plate are connected to each other with a light-shield
ing tapered surface for the optical surface interposed therebe-
tween.

Still preferably, 1n an optical element according to the
present ivention, a surface height of the spacer section 1s
configured to be higher than a surface height of the optical
surface, and the spacer section and the optical surface are
connected to each other with an inclined surface interposed
therebetween.

Still preferably, 1n an optical element according to the
present invention, the spacer section 1s provided for each
optical surface.

Still preferably, 1n an optical element according to the
present invention, the spacer section 1s a protruded portion or
a planarized portion, which 1s further protruded than a convex
shape of the optical surface, surrounding the optical surface
area from the outer circumierence portion of the optical sur-
face with the inclined surface interposed therebetween.

Still preferably, 1n an optical element according to the
present 1nvention, the protruded portion 1s annularly pro-
truded, or 1s protruded as part of the annular shape, more than
the convex shape of the optical surface, from the outer cir-
cumierence side of the optical surface with the inclined sur-
face interposed therebetween.

Still preferably, 1n an optical element according to the
present invention, when a securing tape i1s adhered on the
spacer section to cover an upper part thereof during individual
cutting, the surface height of the spacer section 1s configured
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to be higher than the surface height of the optical surface so
that the securing tape does not adhere to the optical surface.

Still preferably, in an optical element according to the
present invention, the optical surface and a protruded portion
or planarized portion, which 1s more protruded than the opti-
cal surface, are provided on either a front surface or a back
surface of the optical element.

Still preferably, in an optical element according to the
present mnvention, a part or all of a top surface of the annular
protruded portion includes a planarized surface.

Still preferably, in an optical element according to the
present invention, a difference between the surface height of
the spacer section and the surface height of the optical surface
1s within 20 um to 100 um.

Still preferably, 1n an optical element according to the
present invention, a difference between the surface height of
the spacer section and the surface height of the optical surface
1s 50 um plus or minus 10 pum.

Still preferably, in an optical element according to the
present ivention, the optical surface and the spacer section
are simultaneously formed with a transparent resin materal.

Still preferably, in an optical element according to the
present invention, the optical element 1s a lens.

Still preferably, in an optical element according to the
present invention, the optical element 1s an optical function
clement for directing output light straight to be output and
refracting and guiding incident light 1n a predetermined direc-
tion.

Still preferably, 1n an optical element according to the
present invention, the optical surface 1s a circle with a diam-
cter of 1 mm plus or minus 0.5 mm.

Still preferably, in an optical element according to the
present invention, a bottom portion for positioning an adhe-
stve material 1s provided on a further outer circumierence side
of the spacer section with a step portion interposed therebe-
tween.

An optical element module according to the present inven-
tion 1s provided, in which the plurality of optical elements
according to the present invention are laminated, wherein of
an upper most optical element and a lower most optical ele-
ment, a height of a surface of a spacer section of at least either
optical element 1s higher than a height of a surface of an
optical surface of the optical element, thereby achieving the
objective described above.

Preferably, 1n an optical element module according to the
present invention, among the plurality of the optical elements,
a lens space between the upper optical element and the lower
optical element 1s controlled by a planarized surface of the
spacer section of the upper optical element and a planarized
surface of the spacer section of the lower optical element 1n
direct contact with each other.

Still preferably, 1n an optical element module according to
the present mvention, an adhesive 1s positioned 1n a space
portion surrounded by a bottom portion on a further outer
circumierence side of each of the planarized surfaces of the
spacer section of the upper optical element and the spacer
section of the lower optical element, so that the upper optical
clement and the lower optical element are adhered to each
other.

Still preferably, 1n an optical element module according to
the present invention, the space portion of the bottom portion
1s a sullicient space for the adhesive to be put between and be
spread by bottom portions of the upper and lower optical
clements when adhering.

Still preferably, 1n an optical element module according to
the present invention, the adhesive 1s provided on an outside
ol the optical surface and an inside of a quadrilateral along
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dicing lines at a predetermined width, and a vent 1s provided
at a corner portion and/or a side portion of the quadrlateral
adhesive.

Still preferably, 1n an optical element module according to
the present invention, an adhesive for capturing dust 1s further
provided on an outside of the optical surface and an inside of
a quadrilateral along dicing lines at a predetermined width,
the adhesive being cohesive even after a curing of the resin.

Still preferably, 1n an optical element module according to
the present invention, part or all of the adhesive for capturing,
dust 1s provided facing the vent inside the quadrilateral adhe-
SIVE.

Still preferably, 1n an optical element module according to
the present invention, the adhesive has light shielding char-
acteristics.

Still preferably, 1n an optical element module according to
the present invention, of an upper surface, except for the
optical surface, and a side surface of the plurality of optical
clements, the optical element module further includes, a light
shielding holder for shielding at least the upper surtace.

Still preferably, 1n an optical element module according to
the present invention, of an upper surface, except for the

optical surface, and a side surface of the optical element
according to the present invention, the optical element mod-
ule further includes a light shielding holder for shielding at
least the upper surface.

An optical element water according to the present inven-
tion 1s provided, 1n which the plurality of optical elements
according to the present invention are simultaneously formed
and arranged in two dimensions, thereby achieving the objec-
tive described above.

An optical element waler module according to the present
invention 1s provided, i which the plurality of optical ele-
ment walers according to the present invention are laminated
by aligning the optical surfaces thereol, thereby achieving the
objective described above.

An optical element water module according to the present
invention 1s provided, i which the plurality of optical ele-
ment modules according to the present invention are arranged
in two dimensions, thereby achieving the objective described
above.

A method for manufacturing an optical element module
according to the present mnvention includes: a step of adhering
a securing tape to at least either of a front surface side or a
back surface side of the optical element wafer according to
the present invention, an optical element waler module in
which the plurality of optical element walers are laminated,
or the optical element water module according to the present
invention; and a cutting step of simultancously cutting the
optical element water or the optical element water module
along dicing lines to be individualized, thereby achieving the
objective described above.

An electronic element water module according to the
present invention includes: an electronic element water in
which a plurality of electronic elements are arranged; a resin
adhesion layer formed 1n a predetermined area on the elec-
tronic element wafer; a transparent support substrate covering,
the electronic element water and fixed on the resin adhesion
layer; and the optical element waler according to the present
invention, an optical element water module in which the
plurality of optical element walers are laminated, or the opti-
cal element water module according to the present invention,
any of which 1s adhered on the transparent support substrate
so that each optical element corresponds to each of the plu-
rality of electronic elements, thereby achieving the objective
described above.
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Preferably, 1n an electronic element water module accord-
ing to the present invention, a space between the lowermost
optical element water and the electronic element 1s controlled
by a planarized surface of a spacer section of the lower most
optical element waler and a planarized surface of the trans-
parent support substrate 1n direct contact with each other.

Still preferably, 1n an electronic element water module
according to the present invention, an adhesive 1s positioned
in a space portion surrounded by a bottom portion on a further
outer circumierence side of a planarized surface of the spacer
section of the lowermost optical element water and the trans-
parent support substrate, so that the lower most optical ele-
ment water and the transparent support substrate are adhered
to each other.

Still preferably, 1n an electronic element water module
according to the present invention, the space portion by the
bottom portion 1s a suificient space for the adhesive to be put
between and be spread by a top and bottom when adhering.

Still preferably, 1n an electronic element water module
according to the present invention, the electronic element 1s
an 1mage capturing element including a plurality of light
receiving sections for performing an electronic conversion on
and capturing an 1image of 1image light from a subject.

Still preferably, 1n an electronic element water module
according to the present invention, the electronic element is a
light emitting element for outputting output light and a light
receiving element for recerving incident light.

A method for manufacturing an electronic element module
according to the present invention includes: a step of adhering
a securing tape to a front surface side of the optical element
waler or the optical element wafer module of the electronic
clement water module according to the present invention; and
a cutting step of simultaneously cutting the electronic ele-
ment waler module from the electronic element wafer side
along dicing lines to be individualized, thereby achieving the
objective described above.

A method for manufacturing an electronic element module
according to the present invention includes: an 1image captur-
ing element water unit forming step of adhering and fixing a
transparent support substrate by a resin adhesion layer in such
a manner to cover an electronic element wafer, in which a
plurality of electronic elements are arranged, to form an
image capturing element water unit; a cutting step of simul-
taneously cutting the image capturing clement wafer umit
from the electronic element water side along dicing lines to be
individualized into 1mage capturing element units; and a step
of adhering the optical element module manufactured by the
method for manufacturing the optical element module
according to the present imvention to the image capturing
clement unit 1n such a manner that the image capturing ele-
ment corresponds to the optical element, thereby achieving
the objective described above.

An electronic element module according to the present
invention 1s provided, which 1s cut from the electronic ele-
ment waler module according to the present invention for
cach or a plurality of the electronic element modules, thereby
achieving the objective described above.

An electronic information device according to the present
invention mcludes an electronic element module individual-
1zed by cutting the electronic element waler module accord-
ing to the present mvention, as a sensor module used 1n an
image capturing section, thereby achieving the objective
described above.

An electronic information device according to the present
invention ncludes an electronic element module individual-
1zed by cutting the electronic element water module accord-
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ing to the present invention, used in an information recording
and reproducing section, thereby achieving the objective

described above.

An electronic information device according to the present
invention includes an electronic element module manufac-
tured by the method for manufacturing the electronic element
module according to the present invention, thereby achieving,
the objective described above.

The functions of the present invention having the structures
described above will be described hereinaftter.

According to the present invention, an optical element
support plate includes one or a plurality of through holes
which penetrate an optical element area (optical surface area),
and the optical element support plate 1s positioned side a
transparent resin material constituting one or plurality of
optical elements. A penetrating portion and/or a concave por-
tion are provided 1n a further outer circumierence portion of
the optical element support plate to release the resin material
when forming the resin. Because of the penetrating portion
and/or the concave portion, the resin material can be released
when the amount of the transparent lens resin 1s too much
when forming the resin, thereby controlling the contact pres-
sure and controlling the variation of the lens thickness of the
optical element wafer.

According to the present invention with the structure
described above, 1n the optical element support plate, the
penetrating portion and/or the concave portion are provided
in a further outer circumierence portion of a spacer section on
outer circumierence side of the through hole penetrating the
optical element area (optical surface area), so that the resin
material can be released to the penetrating portion and/or the
concave portion when the amount of the transparent lens resin
1s too much when forming the resin, thereby controlling the
contact pressure and controlling the variation of the lens
thickness of the optical element wafer.

These and other advantages of the present invention will
become apparent to those skilled in the art upon reading and
understanding the following detailed description with refer-
ence to the accompanying figures.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s an essential part longitudinal cross sectional view
illustrating an exemplary structure of an electronic element
waler module according to Embodiment 1 of the present
invention.

FIGS. 2(a) to 2(c) are each a plan view schematically
illustrating an example of an adhesive positioning structure
when the adhesive of FIG. 1 does not surround all of the outer
circumierence but a vent 1s provided at a part.

FIGS. 3(a) to 3(c) are each a plan view schematically
illustrating another example of an adhesive positioning struc-
ture when the adhesive of FIG. 1 does not surround all of the
outer circumierence but a vent 1s provided at a part.

FIGS. 4(a) to 4(c) are each an essential part longitudinal
cross sectional view describing one example of a forming
method of a first lens water of FIG. 1.

FIGS. 5(a) to 5(c) are each an essential part longitudinal
cross sectional view describing another example of a forming
method of a first lens water of FIG. 1.

FIGS. 6(a) and 6(b) are each an essential part longitudinal
cross sectional view describing still another example of a
torming method of a first lens water of FIG. 1.

FI1G. 7(a) 1s a longitudinal cross sectional view 1llustrating,
an exemplary vanation of each lens of FIG. 1 as Embodiment
2. FIG. 7(b) 1s a longitudinal cross sectional view 1llustrating
an exemplary variation of a lens module of FIG. 1. FIG. 7(¢)
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1s a top view of a first lens of FIG. 1. FIG. 7(d) 1s a top view
of a first lens of FIG. 7(a). FIG. 7(e) 1s a longitudinal cross
sectional view of a lens module in which the first lens of FIG.
7(a) 1s combined with the light shielding holder. FIG. 7(f) 1s a
longitudinal cross sectional view of a lens module 1n which
the exemplary variation of the lens module of FIG. 7(b) 1s
combined with the light shielding holder. FI1G. 7(g) 1s a lon-
gitudinal cross sectional view illustrating an exemplary
essential part structure of a lens water module 1n which a light
shielding holder wafer, a first lens water and a second lens
waler are laminated.

FIG. 8 1s a block diagram schematically illustrating an
exemplary configuration of an electronic information device
of Embodiment 3 of the present invention, including a solid-
state 1mage capturing apparatus including a sensor module
according to Embodiment 1 of the present invention, or a
sensor module including the lens and lens module according
to Embodiment 2 of the present invention, used in an image
capturing section thereof.

FIG. 9 1s an essential part longitudinal cross sectional view
illustrating an 1mage capturing element walfer module 1n
which a plurality of lens waters disclosed 1n Reference 1 are
used with lenses provided 1n a plurality of through holes of a
lens substrate and the lens wafers are modularized with an
image capturing element wafer.

FIG. 10 1s an arrangement plan of an adhesive, viewing the
image capturing element water module of FIG. 9 from the
top.

1B image capturing element water module (electronic ele-

ment waler module)

2 1image capturing element (electronic element)

3 image capturing element wafer

31 external connection terminal

32 insulation film

4 resin adhesion layer

5 transparent support substrate

6B lens water module (optical element water module)
61B first lens

61Ba, 61Bb, 62Ba, 62Bb protruded section (spacer sec-
tion)

61C, 62C lens support plate

62B second lens

65B first lens wafer (optical element water)

668 second lens wafer (optical element water)

7, Ta adhesive

7b space portion

71,72 vent

8 1image capturing element wafer unit

80 1mage capturing element unit

81 upper metal mold

82 lower metal mold

83 transparent resin material

9a cut-securing tape

956 surface-protecting tape

184, 184 A, 1848, 184q first lens

185, 185A, 1854 second lens

186, 186 A lens module

187 light shielding holder

1878 light shielding holder water

188, 189 lens module

1898 lens waler module

10B, 10C 1mage capturing element module (sensor mod-
ule)

90 electronic information device

91 solid-state 1image capturing apparatus

92 memory section

93 display section
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94 communication section

95 1mage output section

A optical surface

B outer circumierence end portion
DL dicing line

F1 planarized section

F2 annular protruded section

DESCRIPTION OF THE PR
EMBODIMENTS

L1
M

ERRED

Hereinafter, as Embodiment 1 of an optical element wafer,
an optical element water module, a method for manufacturing
an optical element module, an electronic element water mod-
ule, an electronic element module, and a method for manu-
facturing the electronic element module according to the
present invention, the case where the present invention 1s
applied to a lens wafer, a lens water module, a method for
manufacturing a lens module, an 1mage capturing element
waler module, an 1mage capturing element (sensor module)
and a method for manufacturing the image capturing element
module, will be described 1in detail with reference to the
attached figures. Further, as Embodiment 2 of an optical
clement individualized from the optical element water, and an
optical element module 1individualized from the optical ele-
ment water module, a lens and a lens module will be
described in detail with reference to the attached figures.
Further, as Embodiment 3, an electronic information device,
such as a camera-equipped cell phone device and a television
telephone device, will be described 1n detail with reference to
the attached figures, and the electronic information device
includes the image capturing element module with the lens or
lens module of Embodiment 2 used therein, or the image
capturing element module of Embodiment 1, as a sensor
module 1n an 1mage capturing section, which functions as an
image mput section, of the electronic information device.

Embodiment 1

FIG. 1 1s an essential part longitudinal cross sectional view
illustrating an exemplary unitary structure of an electronic
clement water module according to Embodiment 1 of the
present invention.

In FIG. 1, an 1image capturing element water module 1B as
the electronic element wafer module of Embodiment 1
includes: an 1image capturing element wafer 3, as an elec-
tronic element waler in which a plurality of image capturing,
clements 2 are arranged in a matrix, the 1mage capturing
clements 2 including a plurality of light receiving sections for
performing a photoelectric conversion on and capturing an
image ol 1mage light from a subject; a resin adhesion layer 4
formed on the image capturing element wailer 3 and 1n
between adjacent image capturing elements 2; a transparent
support substrate 5, such as a glass plate, adhered and fixed on
the resin adhesion layer 4; and a lens water module 6B, as an
optical element water module, provided such that lens posi-
tions correspond to the plurality of respective 1mage captur-
ing elements 2. FIG. 1 1llustrates a single unit image capturing
clement module of the image capturing element water mod-
ule 1B, and 1n an actual condition, a large number of the
unitary image capturing element modules are provided and
the large number of 1image capturing element modules are
individualized by the cutting of the image capturing element
waler module 1B.

The 1mage capturing element wafer 3 includes a large
number of the 1mage capturing elements 2 1n a matrix on the
front surface side (a plurality of light receiving sections,
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which constitute a plurality of pixels, are provided for each
image capturing element 2), and a plurality of through holes
penetrating a waler back surface to below a pad (electrode
pad) of a front surface for each image capturing element 2. A
side wall and back surface of each of the through holes are
covered with an isulation film, and a wiring layer contacting
the pad 1s formed to the back surface through the through
hole. An msulation film 32 1s formed on an external connec-
tion terminal 31, which 1s connected to the wiring layer, and
on the back surface. The msulation film 32 has an opening at
a portion where a solder ball (not shown) 1s formed above the
external connection terminal 31 of the wiring layer, so that the
solder ball (not shown) 1s formed exposed to the outside.
Herein, a case has been described where the 1mage capturing
clement water 3 includes a penetrating electrode for each
image capturing element 2; however there 1s also a case where
such penetrating electrode 1s not included.

Theresin adhesion layer 4 1s formed 1n the periphery part of
the image capturing element 2 on the water surface to adhere
the 1mage capturing element water 3 and the transparent
support substrate 5. When the upper part of the semiconduc-
tor surface 1s covered by the transparent support substrate 3,
the resin adhesion layer 4 encloses an internal space above a
sensor area where the image capturing element 2, as an elec-
tronic element, above the image capturing element water 3 1s
provided. The resin adhesion layer 4 1s formed at a predeter-
mined location on the 1mage capturing element water 3 using
an ordinary photolithography technique. The transparent sup-
port substrate S 1s adhered on the resin adhesion layer 4. In
this case, the resin adhesion layer 4 can also be formed using
a screen printing method or a dispense method, other than the
photolithography technique.

The lens water module 6B includes a first lens wafer 65B
and a second lens wafter 668 laminated on the transparent
support substrate 5 1n such a manner to correspond to the
image capturing element 2. The first lens water 65 1s consti-
tuted of a plurality of first lenses 61B. The second water 66 1s
constituted of a plurality of second lenses 62B. An optical
surface A of the firstlens 61B 1s in a shape of a convex lens and
1s externally protruded. The outer circumierence portion of
the optical surface A 1s annularly protruded more than the
most-protruded top portion at the center portion of the optical
surface A. In FIG. 1, annularly protruded sections 61Ba and
61Bb of the optical surface A are 1llustrated as a planarized
surface 1n the first lens 61B; however, without the limitation
to the annular planarized surface, any shape can be included,
such as a circular arc protruded section or a wavy shape with
circular arc protruded sections arranged on one column, as
long as 1t 1s an annular protruded section.

In the second lens 62B, both the front surface and the back
surface are a convex shaped optical surface A, and protruded
sections 62Ba and 62Bb are annularly protruded from an
outer circumierence end portion B, which 1s the outer circum-
ference of the optical surface A, and are higher than the
conveXx shape of the optical surface A, and the top surface is a
planarized surface. The annular protruded section 61Bb,
which 1s on the outer circumierence side of the optical surface
A on the back surface of the first lens 61B, and the annular
protruded section 62Ba, which 1s on the outer circumierence
side of the optical surface A on the front surface of the second
lens 62B, contact with each other at the respective planarized
surfaces. An adhesive 7 1s provided 1n a space made by lower
portions or bottom portions (step portions) further outside of
the annular protruded sections 61Bb and 62Ba. The first lens
61B and the second lens 62B are vertically adhered and fixed
to each other at the space in between them by the adhesive 7.
Similar to this, the transparent support substrate 5 and the
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annular protruded section 62Bb at the outer circumierence
end portion B of the optical surface A on the back surface
contact each other at the respective planarized surfaces. The
adhesive 7 1s provided in the space made by the lower portion
or bottom portions (step portions) on the further outside of the
annular protruded section 62Bb. The transparent support sub-
strate 5 and the second lens 62B are vertically adhered and
fixed to each other at the space 1n between them by the
adhesive 7.

Because of the structure described above, the space
between the first lens 61B and the second lens 62B as well as
the space between the second lens 62B and the transparent
support substrate 5 touch each other and are regulated by the
respective planarized surfaces of the annular protruded sec-
tions 61Bb and 62Ba and the annular protruded section 62Bb.
As a result, the variation of the thickness or amount of the
adhesive 7 will not negatively influence the lens module 6B,
and the overall thickness of the lens module 6B becomes
stable. That 1s, the space between the lenses are determined by
the contacting surfaces (protruded sections 61Bb, 62Ba and
62Bb) of the first lens 61 and the second lens 62, and the
adhesion 1s made by the adhesive 7 in the space portion made
by the bottom portion further outside the contacting surfaces.
Theretfore, even 11 the amount of the adhesive 7 1s too much,
the adhesive 7 only spreads within the gap portion, and the
variation of the thickness or amount of the adhesive 7 does not
cause a problem. As a result, the thickness of the overall lens
module 6B becomes stable, and further, the optical charac-
teristics of the lens module 6B become stable.

That 1s, the contacting surface of the first lens watfer 65B
and the contacting surface of the second lens wafer 668
directly contact each other, and the contacting surface of the
second lens water 668 and the transparent support substrate 5
directly contact each other, so as to adhere them at the gap
portions of the outer circumierence portions. As a result, the
first lens water 65B and the second lens wafer 668 can be
manufactured with high precision, so that a lens space b and
a space d between the lens and the image capturing element 2
do not vary. In this case, the adhesive 7 1s provided 1n a space
portion (gap portion) made by the bottom portion (step por-
tion) on the further outer circumierence side of the lens con-
tact surface. The adhesive 7 does not fill the space portion
(gap portion) made by the bottom portion (step portion), but
the adhesive 7 1s provided 1n the space portion (gap portion) in
such a manner to leave a partial space therein, so that the
adhesive 7 only spreads within the space even 11 the amount of
the adhesive 7 1s too much, and the variation of the thickness
or amount of the adhesive 7 does not cause a problem. As a
result, the thickness of the overall lens module 6B becomes
stable, and the optical characteristics of the lens module 6
become stable.

The lens thicknesses a and ¢ of the first lens water 65B and
the second lens water 66B vary. This 1s because the transpar-
ent lens resin does not have a place to escape from the pres-
sure of the metal mold. Therefore, when the amount of the
transparent lens resin i1s high, the contact pressure becomes
high and the lens thicknesses a and ¢ also become thick. The
peripheral portion of each through hole (circular hole corre-
sponding to the optical surface A) of the lens support plates
61C and 62C expands, and a through hole 68 as a penetrating
section 1s provided on the further outer circumierence side.
The through hole 68 may be a long hole or a slit hole other
than a circular hole. Because of the through hole 68, when the
transparent lens resin material 1s put between the metal
molds, the resin material will have a space to escape through
the through hole 68 due to the pressure of the metal molds,
and the contact pressure on the resin material will not become
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high during the forming of the resin. Because of this, 1t
becomes possible to avoid the varniation of the lens thick-
nesses a and ¢ of the first lens water 65B and the second lens
waler 66B. Further, instead of or together with the through
hole 68, a front portion of the trough hole 68 can be widened
or recessed so that 1t also becomes possible to control the
contact pressure to the resin matenial at the forming stage.

The lens space b and the space d between the lens and the
image capturing element 2 1n this case vary largely due to the
thickness of the adhesive 7 because the adhesive 7 1s put
between the first lens water 65B and the second lens water
668, and the adhesive 7 1s put between the second lens water
668 and the upper surface of the transparent support substrate
5, as conventionally performed. For example, when an adhe-
stve sheet with the adhesive 7 of the thickness of 50 um 1s
used, the vanation will be plus or minus 10 um. When the
adhesive 7 1s 1n a liquid form, the variation will be greater at
the application of the adhesive 7.

Further, at the time of the conventional retlow soldering
(soldering process at 250 degrees Celsius), when the internal
enclosed space between the lenses expands, there 1s no escape
route for inside air. Because of this, the first lens wafer 65B
and the second lens water 668 with the adhesive 7 interposed
therebetween, and the second lens water 66B and the trans-
parent support substrate 5 are peeled off, 1n addition to the
image capturing element water 3 and the transparent support
substrate 3 with the resin adhesion layer 4 interposed ther-
cbetween. In order to solve this problem, the resin adhesion
layer 4 and the adhesive 7 are formed 1n such a manner not to
surround the circumierence completely but to provide an air
hole (vent).

FIGS. 2(a) to 2(c) and FI1G. 3 describe such an example.

In FI1G. 2(a), the adhesive 7 1s provided along the four sides
up to the dicing line DL on the outer circumierence side of the
lens optical surface A. In this case, a part of the adhesive 7 1n
a quadrilateral shape with a predetermined width 1s removed
to form a vent 71 for ventilation with the inside. An adhesive
7a 1s positioned inside the space formed with the adhesive 7,
facing the opening made by removing a corner portion. Posi-
tioning the adhesive 7a facing the opening (vent 71) will
prevent dust from coming from the outside to a space portion
7b 1side the lens optical surface A. With the adhesive 7a
alone, which 1s positioned facing the opening (vent 71), 1t 1s
possible to adhere and capture dust by allowing the adhesive
7a to be cohesive even after the curing of the resin.

In FIG. 2(b), the vent 71 1s formed at one corner portion of
the adhesive 7 1n a quadrilateral shape with a predetermined
width, and at four corner portions, four adhesives 7a, which
are cohesive even alter the curing of the resin, are provided for
capturing dust facing the corner portions. As a result, the
performance for capturing dust 1s mmproved due to the
increased number of the adhesives 7a.

In FIG. 2(c), a plurality of narrow vents 72 (three vents
herein) are formed at least at one side of the adhesive 7 in a
quadrilateral shape with a predetermined width. Again, three
adhesives 7a, which are cohesive even after the curing of the
resin, are provided for capturing dust, facing the respective
vents inside the space. Furthermore, two adhesives 7a are
provided at the rest of the two corner portions. As a result, the
performance for capturing dust 1s mmproved due to the
increased number of the adhesives 7a. The vent 72 1tself 1s
formed as small as possible so as to prevent the penetration of
the cutting water. It 1s also possible to apply the adhesive 7 in
a mountain shape and define a gap between the mountains as
the vent 72. In addition, 1t 1s also possible to form the vent 72
in the adhesive 7 by reducing the amount of the adhesive 7.
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In FIG. 3, 1n order to prevent the cutting water from pen-
etrating the space portion 75 1side the lens optical surface A,
the process for a air passing hole (vents 71 and 72, for
example) of the lens 1s performed after the cutting of the
individual lens unit, instead of performing it at the application

of the adhesive 7 or 7a as 1n FIGS. 2(a) to 2(¢). In F1G. 3(a),

the adhesive 7 1s applied to all the circumierence portions of
the lens optical surface A 1n a quadrilateral shape along the
four sides using a dispensing method. The adhesive 7a for
capturing dust, which is cohesive even after the curing of the
resin, 15 applied 1nside the adhesive 7 1n a quadrilateral shape
and outside the lens optical surface A, facing each of the
corner portions.

Subsequently, In FI1G. 3(b), the adhesive 7 1s applied 1n a
quadrilateral shape, and the resin curing process 1s performed
on the adhesive 7 by the ultraviolet ray (UV) radiation. Fur-
ther, the cutting process for the individual lens units 1s per-
formed.

Further, 1n FIG. 3(c¢), a cutting process 1s performed on one
corner portion of the quadrilateral adhesive 7 using laser light
to form the vent 71 as an air passing hole.

That 1s, 1n a plan view, the adhesive 7 1s provided at a
predetermined width outside the lens area (lens optical sur-
face A) and 1nside the quadrilateral along the dicing line. The
vent 71 and/or 72 are provided at least at one corner portion
and/or one side portion of the four corner portions and four
side portions of the quadrilateral adhesive 7. Furthermore, 1n
a plan view, the adhesive 7a for capturing dust, which 1s
cohesive even after the curing of the resin, 1s provided outside
the lens area and 1nside the quadnlateral along the dicing line.
Part or all of the adhesive 7a for capturing dust 1s provided 1n
such a manner to face the vent 71 and/or 72 in the space
portion 75 inside the outer vent 1n a plan view.

Alternatively, a lens support plate 61C 1s provided inside
the transparent lens material of each first lens 61B of the first
lens water 65B. The lens support plate 61C includes a through
hole penetrating only a lens shape area, which 1s the lens
optical surface A of a convex shape. Further, a lens support
plate 62C i1s provided inside the transparent lens material of
cach second lens 62B of the second lens water 66B. The lens
support plate 62C includes a through hole penetrating only a
lens shape area, which 1s the lens optical surface A of a convex
shape.

In this case, for the shielding of light for the 1mage captur-
ing element 2 from above, a light shielding plate 69 having an
opening (window) above the lens optical surface A 1s pro-
vided by being adhered by the adhesive 7 on the front surface
side of each first lens 61B of the first lens water 65B. Further,

the shielding of light for the image capturing element 2 from
the side 1s performed by the lens support plates 61C and 62C.

The lens support plates 61C and 62C include through holes
penetrating only a lens shape area (area corresponding to the
lens optical surface A). A taper 1s provided for the through
hole. The outer circumierence side of the through hole 1s
configured to be thicker than the further outer circumierence
side. The circumierence portion of the through hole 1s
expanded so that 1t becomes difficult for the light from the
side to pass 1t through, and a tapered section 695 1s provided
on the further outer circumierence side. A light shielding
material 69a 1s positioned on the side wall of the transparent
support substrate 5. Carbon 1s mixed, to provide a light shield-
ing function, in the adhesive 7 between the light shielding
plate 69 and the first lens watfer 65, the adhesive 7 between the
first lens water 65B and the second lens water 66B, and the
adhesive 7 between the second lens water 668 and the trans-
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parent support substrate 5. These adhesives enable shielding
of light from the 1mage capturing element 2 1n a more definite
mannet.

First, a method for forming the first lens water 63B 1n FIG.
1 will be described 1n detail with reference to FIGS. 4(a) to
4(c).

As 1illustrated 1n FIG. 4(a), the lens support plate 61C,
which includes a plurality of through holes, 1s mounted on the
lens front surface shape side of the upper metal mold 81
corresponding to the lens front surface shape of the first lens
waler 65B by positioming the lens support plate 61C such that
the lens shape areas corresponds to the through holes.

Next, as 1llustrated 1n FIG. 4(b), a transparent resin mate-
rial 83 1s positioned on the lower metal mold 82 correspond-
ing to the lens back surface shape of the first lens water 65B.

Further, as 1llustrated 1in FIG. 4(c), the lens support plate
61C and the transparent resin material 83 are put between and
pressed by the upper metal mold 81, on which the lens support
plate 61C 1s positioned, and the lower metal mold 82, on
which the transparent resin material 83 1s positioned, from the
top and bottom. At this stage, the transparent resin material 83
of the firstlens 61B 1s controlled so as to have a predetermined
lens thickness. The formed transparent resin material 83
forms the first lens water 65B 1n which a plurality of first lens
61B are successively arranged 1n a two dimensional matrix at
a waler scale. Any of ultraviolet ray (UV) curing resin, ther-
mosetting resin, and UV and heat curing resin can be used as
the transparent resin material 83.

Next, another method for forming the first lens wafter 65B
of FIG. 1 will be described 1n detail with reference to FIGS.

5(a) to 5(c).

As 1illustrated 1 FIG. 5(a), the lens support plate 61C,
which includes a plurality of through holes, 1s mounted on the
lens back surface shape side of the lower metal mold 82
corresponding to the lens back surface shape of the first lens
waler 65B by positioming the lens support plate 61C such that
the lens shape areas corresponds to the through holes.

Next, as illustrated 1n FIG. 5(5), the transparent resin mate-
rial 83 1s positioned onthe lens support plate 61C on the lower
metal mold 82 corresponding to the lens back surface shape of
the first lens water 65B.

Further, as 1llustrated 1n FIG. 5(c¢), the lens support plate
61C and the transparent resin material 83 are put between and
pressed by the upper metal mold 81 and the lower metal mold
82, on which the lens support plate 61C and the transparent
resin material 83 are positioned, from the top and bottom. At
this stage, the transparent resin material 83 of the first lens
61B 1s controlled so as to have a predetermined lens thick-
ness. The formed transparent resin material 83 forms the first
lens wafer 65B 1n which a plurality of first lens 61B are
successively arranged 1n a two dimensional matrix at a wafer
scale. Any of ultraviolet ray (UV) curing resin, thermosetting
resin, and UV and heat curing resin can be used as the trans-
parent resin material 83.

Next, another method for forming the first lens wafter 65B
will be described 1n detail with reference to FIGS. 6(a) and
6(D).

As illustrated 1n FI1G. 6(a), the transparent resin material 83
1s applied and positioned on the lens support plate 61C, which
includes a plurality of through holes.

Next, as illustrated 1n FIG. 6(b), 1n a state where the lens
shape area and the through hole are positioned corresponding
to each other, the lens support plate 61C, on which the trans-
parent resin material 83 1s applied, 1s put between and pressed
by the upper metal mold 81 corresponding to the lens front
surface shape of the first lens water 65B and the lower metal
mold 82 corresponding to the lens back surface shape of the
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first lens water 65B from the top and bottom. At this stage, the
transparent resin material 83 of the first lens 61B 1s controlled
so as to have a predetermined lens thickness. The formed
transparent resin material 83 forms the first lens water 65B 1n
which a plurality of firstlens 61B are successively arranged in
a two dimensional matrix at a waler scale. Any of ultraviolet
ray (UV) curing resin, thermosetting resin, and UV and heat
curing resin can be used as the transparent resin material 83.

According to Embodiment 1 with the structure described
above, 1n the lens support plates 61C and 62C as an optical
clement support plate, another through hole 68 (and/or con-
cave section) 1s provided in the further outer circumierence
portion of the spacer section on the outer circumierence side
of the through hole penetrating the lens area (optical surface
A) to release the resin material when forming the resin. As a
result, the resin material can be released to the side of the
through hole 68 (and/or the concave section) when the
amount of the transparent lens resin 1s too much when form-
ing the resin, thereby controlling the contact pressure by the
metal molds when pressing and controlling the variation of
the lens thickness of the first lens water 65B and the second
lens watfer 66B.

Further, the lens support plate 61C includes one or plurality
of through holes penetrating only the lens area (optical sur-
face A), and the lens support plate 61C 1s provided in the first
lens wafer 65B. Still further, the lens support plate 62C
includes one or plurality of through holes penetrating only the
lens area (optical surface A), and the lens support plate 62C 1s
provided 1n the first lens wafer 66B. The lens support plates
61C and 62C are black and have light shielding characteris-
tics. The outer circumierence side (protruded shape portion)
of the through holes of the lens support plates 61C and 62C
are positioned inside the protruded portions 61a and 615 as
well as the protruded portions 62a and 625 as a spacer section;
and the outer circumierence side (protruded shape portion) of
the through hole for the lens 1s formed thicker than the further
outer circumierence side (step portion). As a result, the outer
circumierence portion (protruded shape portion) and the fur-
ther outer circumierence portion (step portion) of the through
holes of the lens support plates 61C and 62C are connected to
cach other with a light-shielding tapered surface for the lens
area side interposed therebetween. As described above, the
side of the outer circumierence portion (protruded shape por-
tion) of the through hole for the lens 1s formed thicker than the
side of the further outer circumierence portion (step portion)
thereol, so that the adhesive 7 can be provided in the gap on
the side of the further outer circumierence portion (step por-
tion), which 1s formed by laminating the lenses on top of
another. As a result, after the manufacturing of the module,
the adhesive 7 does not exist at the location where the light
cones through and enters, and the light from the transverse
direction enters only through the space of the film thickness of
the transparent lens resin to the side of the lens area, thereby
shielding the light even more.

Further, the surface height of the spacer section provided
on the outer circumierence side of the optical surface A tunc-
tioning as an optical element area 1s configured to be higher
than the surface height of the optical surface A at the center
portion. Therefore, during the manufacturing process, the
optical surface A of the lens can be prevented from becoming
dirty by the cutting water when cutting, the reduction of the
optical characteristics can be controlled, and the surface of
the optical element, such as a convex lens surface that func-
tions optically, can be maintained clean. A cut-securing tape
9a and a surface-protecting tape 956 are adhered on a front
surface and a back surface of a lens water module to be cut,
individualizing the lens water module into lens modules.

5

10

15

20

25

30

35

40

45

50

55

60

65

16

However, there 1s also a method for cleaning the optical
surface A by spin cleaming without adhering the surface-

protecting tape 95 but maintaining the cut-securing tape 9a on
the lens after the cutting. Thus, the adhering of the cut-secur-
ing tape 9a 1s essential, but the adhering of the surface-
protecting tape 96 1s not essential. It 1s possible to clean the
lens surtace by spin cleaning without using the surface-pro-
tecting tape. Therefore, 1t 1s suitable for the spacer section to
be higher than the lens surface (optical surface A) on either
the front surface or back surface of the lens.

Embodiment 2

In Embodiment 2, the lens as an optical element and the
lens module as an optical element module will be described 1n
detaul.

FIG. 7(a) 1s a longitudinal cross sectional view illustrating
an exemplary variation of each lens of FIG. 1. FIG. 7(b) 1s a
longitudinal cross sectional view illustrating an exemplary
variation of the lens module of FI1G. 1. FIG. 7(c) 1s a top view
of the first lens of FIG. 1. FIG. 7(d) 1s a top view of the first
lens of FIG. 7(a). FIG. 7(e) 1s a longitudinal cross sectional
view of a lens module 1n which the first lens of FIG. 7(a) 1s
combined with the light shielding holder. FIG. 7(f) 1s a lon-
gitudinal cross sectional view of a lens module 1n which the
exemplary variation of the lens module of FIG. 7(b) 1s com-
bined with the light shielding holder. FIG. 7(g) 1s a longitu-
dinal cross sectional view 1llustrating an exemplary essential
part structure of a lens water module in which a light shield-
ing holder water 1878, a first lens wafer 65B and a second
lens water 185B are laminated.

It 1s possible to obtain a large number of first lenses 184 as
well as second lenses 185 as 1llustrated 1n F1G. 7(a) by cutting
the first and second lens watfers 65B and 66B along the dicing
lines DL. A spacer section with a predetermined thickness 1s
provided at each of the outer circumierence sides of the lens
optical surface A of the center portion 1n the first and second
lenses 184 and 185. As 1llustrated by the shaded portion of the
outer quadrilateral and 1nner circle in the plan view 1n FIG.
7(d), the spacer section 1s a planarized section F1, which 1s
protruded from the circular outer circumierence portion B
surrounding the optical surface A, the spacer section being
higher than the convex shape of the optical surface A. In the
first and second lenses 184 and 183, the optical surface A and
the spacer section are simultaneously formed with a transpar-
ent resin material. In the first lens 61B of a quadrilateral in the
plan view of FIG. 7(f), as illustrated by the annular shaded
portion of FIG. 7(c), the spacer section 1s an annular pro-
truded section F2, which 1s protruded from the circular outer
circumierence portion B surrounding the optical surface A,
the protruded section F2 being protruded higher than the
convex shape of the optical surface A. Theretfore, the ditfer-
ence between the first and second lenses 61B and 62B of FIG.
8 and the first and second lenses 184 and 185 of FI1G. 7(a) 1s
whether they have the annular protruded section F2 or pla-
narized section F1 both on the front and back surfaces.

Further, a lens module 186 1llustrated 1n FIG. 7(b) can be
obtained by simultaneously cutting along the dicing lines DL
in the state where the first lens water, 1n which a plurality of
first lenses 184 A are formed, and the second lens water, in
which a plurality of second lenses 185A are formed, are
adhered on top of another by the adhesive 7. Again, 1n the
cutting stage, a cut-securing tape 1s adhered on the planarized
section F1 of the lower second lens water, and a surface-
protection tape for protecting the lens surface 1s adhered on
the planarized section F1 of the upper first lens waler, as
similar to the cutting of the first lenses 184 A and the second
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lenses 185A. As a result, during the cutting stage, the respec-
tive lens optical surfaces of the first and second lenses 184 A
and 185A are sealed and protected by the cut-securing tape
and the surface-protecting tape, so that the lens optical sur-
faces do not become dirty from the cutting water. However,
there 1s also a method for cleaning the optical surface A by
spin cleaning without adhering the surface-protecting tape 95
but maintaining the cut-securing tape 9a on the lens after the
cutting. Thus, the adhering of the cut-securing tape 9a 1is
essential, but the adhering of the surface-protecting tape 96 1s
not essential. It 1s possible to clean the lens surface by spin
cleaning without using the surface-protecting tape. There-
fore, 1t 1s suitable for the spacer section to be higher than the
lens surface (optical surface A) on either the front surface or
back surface of the lens.

The difference between the lens module 186 illustrated in
FIG. 7(b) and the lens module (first lens 61B and second lens
62B) of FIG. 1 1s whether they have the annular protruded
section F2 or planarized section F1 both on the front and back
surtaces.

In this case, the annular planarized surface of the spacer
section of the upper first lens 184 A directly contacts with the
annular planarized surface of the spacer section of the lower
second lens 185 A, and the adhesive 7 1s provided 1n the space
portion surrounded by the bottom portion on the further outer
circumierence side of each planarized surface, so that the first
lens 184 A 1s adhered to the second lens 185A.

Further, the first lens 184A 1n FIG. 7(a), includes the opti-
cal surface A and the planarized section F1 on the front
surface, the planarized section F1 being more protruded than
the optical surface A. In this case, the first lens 184q and the
second lens 183 are provided together as a set. Further, when
the lens of the second lens 183a 1s protruded, the first lens 184
and the second lens 185q are provided as a set. Even 11 the
optical surface A of the front surface of the second lens 185a
1s protruded, 1t fits 1n the concave portion of the back surface
of the first lens 184. The optical surface A and the planarnized
section F1, which 1s more protruded than the optical surface
A, are provided only on the back surface of the second lens
185a. Because of this, each lens optical surface A does not
become dirty from the cutting water, as described above.

In summary, 1t 1s proper as long as the optical surface A and
the more protruded, protruded section F2 or planarized sec-
tion F1 are provided at least on either of the front surface or
the back surface.

Further, as illustrated in FIG. 7(e), a lens module 188 can
be configured by laminating a light shielding holder 187 on
the first lens 184 of FIG. 7(a) by the adhesive 7 in such a
manner that the optical surface A aligns the opening of the
light shielding holder 187. Further, as 1llustrated in FIG. 7(¥),
a lens module 189 can be configured by laminating the light
shielding holder 187 by the adhesive 7 on a lens module
186 A, which 1s configured of the first lens 61B of FIG. 1 and
the second lens 185A of FIG. 7(b) 1n such a manner that the
optical surface A aligns the opening of the light shielding
holder 187. Thus, the lens and the light shielding holder 187
are provided as a set to configure a lens module.

The lens modules 188 and 189 can also be manufactured
using another manufacturing method. As 1illustrated 1n FIG.
7(2), a lens water module 189B can be manufactured as an
optical element waler module by laminating the first lens
waler 65B as an optical element wafer, a second lens waier
1858 as an optical element water and a light shielding holder
waler 187B by the adhesive 7. In this case, the first lens water
658 and the light shielding holder wafer 187B may be lami-
nated first by the adhesive 7 in such a manner that the optical
surface A aligns an opeming of the light shielding holder
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1878, and subsequently, the second lens water 185B may be
laminated therebelow 1n such a manner that the optical sur-

faces A align with one another. Further, the first lens wafer
65B and the second lens water 1858 may first be laminated by
the adhesive 7 1n such a manner that the optical surfaces A
align with one another, and subsequently, the light shielding
holder water 187E may be adhered thereabove 1n such a
manner that the optical surfaces A aligns with the opening of
the light shielding holder water, 187B. Further, the light
shielding holder water 187B may be adhered by the adhesive
7 on a front surface side of a lens water module constituted of
the first lens water 65B and the second lens wafer 185B in
such a manner that the optical surfaces A aligns with the
opening of the light shielding holder wafer 187B.

Next, as illustrated 1 FIG. 7(g), the lens wafer module
1898 1s simultaneously cut at the dicing lines DL between the
lenses using a dicing blade or a dicing wire to be individual-
ized for each lens. At this stage, the process 1s performed
while a cut-protection tape and a cut-securing tape are
adhered respectively on the front and back surfaces of the lens
waler module 189B. The lens module 189 can also be manu-
factured by the above described method. However, there 1s
also a method for cleaning the optical surface A by spin
cleaning without adhering the surface-protecting tape 96 but
maintaining the cut-securing tape 9a on the lens after the
cutting. Thus, the adhering of the cut-securing tape 9a 1s
essential, but the adhering of the surface-protecting tape 96 1s
not essential. It 1s possible to clean the lens surface by spin
cleaning without using the surface-protecting tape. There-
fore, 1t 1s suitable for the spacer section to be higher than the
lens surface (optical surface A) on either the front surface or
back surface of the lens.

In Embodiment 2, for example, a combination of two
lenses (lens module 186) of the first lens 184 and the second
lens 183, or for example, a single lens of the first lens 184 or
the second lens 185 have been described; however, without
the limitation to these, 1t 1s also possible to combine three or
more lenses as an optical element to configure a lens module
as an optical element module. Other optical elements may be
used instead of the lens, the other optical elements including
a prism and an optical function element (hologram optical
clement, for example). The prism and optical function ele-
ment (hologram optical element, for example) can be formed
in the optical surface A of the lens.

Embodiment 3

FIG. 8 1s a block diagram schematically illustrating an
exemplary configuration of an electronic information device
of Embodiment 3 of the present invention, including a solid-
state 1mage capturing apparatus including the sensor module
10B according to Embodiment 1 of the present invention, or
the sensor module 10C including the lens and lens module
according to Embodiment 2 of the present invention, used 1n
an 1mage capturing section thereof.

In FIG. 8, an electronic information device 90 according to
Embodiment 3 of the present invention includes: a solid-state
image capturing apparatus 91 for performing various signal
processing on an image capturing signal from the sensor
module 10B according to Embodiment 1 of the present inven-
tion, or the sensor module 10C including the lens and lens
module according to Embodiment 2 of the present invention,
so as to obtain a color 1mage signal; a memory section 92
(e.g., recording media) for data-recording a color image sig-
nal from the solid-state image capturing apparatus 91 after a
predetermined signal processing 1s performed on the color
image signal for recording; a display section 93 (e.g., a liquid
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crystal display apparatus) for displaying the color image sig-
nal from the solid-state 1mage capturing apparatus 91 on a
display screen (e.g., liquid crystal display screen) after pre-
determined signal processing 1s performed on the color image
signal for display; a communication section 94 (e.g., a trans-
mitting and receiving device) for communicating the color
image signal from the solid-state image capturing apparatus
91 after predetermined signal processing 1s performed on the
color 1mage signal for communication; and an image output
section 95 (e.g., a printer) for printing the color image signal
from the solid-state 1image capturing apparatus 91 aiter pre-
determined signal processing 1s performed for printing. With-
out any limitations to this, the electronic information device
90 may include any of the memory section 92, the display
section 93, the communication section 94, and the image
output section 95, such as a printer, other than the solid-state
image capturing apparatus 91.

As the electronic information device 90, an electronic
information device that includes an image mput device 1s
conceivable, such as a digital camera (e.g., digital video cam-
era or digital still camera), an 1mage input camera (e.g., a
monitoring camera, a door phone camera, a camera equipped
in a vehicle such as a car-mounted back view camera, or a
television camera), a scanner, a facsimile machine, a camera-
equipped cell phone device, or a personal digital assistance
(PDA).

Therefore, according to Embodiment 3 of the present
invention, the color image signal from the solid-state 1image
capturing apparatus 91 can be: displayed on a display screen
properly by the display section 93, printed out on a sheet of
paper using an image output section 95, communicated prop-
erly as communication data via a wire or a radio by the
communication section 94, stored properly at the memory
section 92 by performing predetermined data compression
processing; and various data processes can be properly per-
formed.

Without the limitation to the electronic information device
90 according to Embodiment 3 described above, an electronic
information device, such as a pick up apparatus including the
clectronic element module according to the present invention
used 1n an information recording and reproducing section
thereot, 1s also concerved. An optical element of the pick up
apparatus 1n this case 1s an optical tunction element (holo-
gram optical element, for example) that directs output light
straight to be output and refracting and guiding incident light
in a predetermined direction. In addition, as the electronic
clement of the pick up apparatus, a light emitting element
(semiconductor laser element or laser chip, for example) for
emitting output light and a light receiving element (photo IC,
for example) for recerving incident light are included.

Although not specifically described in detail in Embodi-
ment 1, the optical element support plate, which includes one
or plurality of through holes that penetrate an optical element
area, 1s positioned inside the transparent resin material con-
stituting one or plurality of optical elements, and the penetrat-
ing portion and/or the concave portion are provided in the
turther outer circumierence portion of the optical element
support plate to release the resin material when forming the
resin, thereby achieving the objective of the present invention
which 1s controlling the variation of the lens thickness of the
lens water.

As described above, the present invention 1s exemplified by
the use of 1ts preferred Embodiments 1 to 3. However, the
present mvention should not be iterpreted solely based on
Embodiments 1 to 3 described above. It 1s understood that the
scope of the present mvention should be interpreted solely
based on the claims. It 1s also understood that those skilled in
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the art can implement equivalent scope of technology, based
on the description of the present mvention and common
knowledge from the description of the detailed preferred
Embodiments 1 to 3 of the present invention. Furthermore, 1t
1s understood that any patent, any patent application and any
references cited in the present specification should be 1ncor-
porated by reference in the present specification 1n the same
manner as the contents are specifically described therein.

INDUSTRIAL APPLICABILITY

The present mvention can be applied in the field of an
optical element provided with a lens and an optical function
clement; an optical element module, such as a plurality of
lenses and a plurality of optical function elements; an optical
clement water provided with a plurality of optical elements,
such as a plurality of lenses and a plurality of optical function
clements, 1n a wafer state; an optical element water module 1n
which the plurality of optical element waters are laminated; a
method for manufacturing the optical element module by
cutting the optical element water or the optical element watfer
module; an electronic element water module in which the
optical element waler or optical element wafer module 1s
modularized with an electronic element wafer; a method for
manufacturing an electronic element module, 1n which the
clectronic element wafer module 1s cut simultaneously into
electronic element modules; an electronic element module
manufactured by the method for manufacturing the electronic
element module; an electronic information device, such as a
digital camera (e.g., a digital video camera or a digital still
camera), an 1mage mnput camera, a scanner, a facsimile
machine, a camera-equipped cell phone device or a television
telephone device, including the electronic element module
used therein. According to the present invention, 1n the optical
clement support plate, the penetrating portion and/or the con-
cave portion are provided 1n a further outer circumierence
portion of a spacer section on an outer circumierence side of
the through hole penetrating the optical element area (optical
surface area), so that the resin material can be released to the
penetrating portion and/or the concave portion when the
amount of the transparent lens resin 1s too much at the form-
ing of the resin, thereby controlling the contact pressure and

controlling the variation of the lens thickness of the optical
clement wafer.

Various other modifications will be apparent to and can be
readily made by those skilled 1n the art without departing
from the scope and spirit of this invention. Accordingly, it 1s
not intended that the scope of the claims appended hereto be
limited to the description as set forth herein, but rather that the
claims be broadly construed.

What 1s claimed 1s:

1. An optical element, comprising:

a lens made of a transparent resin material including an
optical surface at a center portion thereof, an upper pro-
truded section which protrudes 1n a radial direction from
an upper portion of the lens on an outer circumierence of
the lens, and a lower protruded section which protrudes
in a radial direction from a lower portion of the lens on an
outer circumierence of the optical surface; and

a support plate located outside the outer circumierence of
the center portion of the lens, the support plate including
an upper surface which contacts the upper protruded
section and a lower surface which contacts the lower
protruded section, wherein
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the support plate includes a penetrating portion and/or
concave portion for releasing the resin material when
forming resin, in a further outer peripheral portion of the
support plate.

2. An optical element according to claim 1, wherein the
optical element 1s an optical function element for directing
output light straight to be output and refracting and guiding
incident light 1n a predetermined direction.

3. An optical element according to claim 1, wherein the
optical surface 1s a circle with a diameter of 1 mm plus or
minus 0.5 mm.

4. An optical element module, wherein of an upper surface,
except for the optical surface, and a side surface of the optical
clement according to claim 1, the optical element module
turther includes a light shielding holder for shielding at least
the upper surface of the optical element.

5. An optical element water in which a plurality of optical
clements according to claim 1 are simultaneously formed and
arranged 1n two dimensions.

6. An optical element water module in which the plurality
of optical element wafers according to claim 3 are laminated
by aligning the optical surfaces thereof.

7. A method for manufacturing an optical element module,
the method comprising:

a step of adhering a securing tape to at least either of a front
surface side or a back surface side of the optical element
waler according to claim 5 or an optical element wafer
module in which a plurality of the optical element wafers
are laminated; and

a cutting step of simultaneously cutting the optical element
waler or the optical element water module along dicing
lines to be individualized.

8. An electronic element waler module, comprising:

an electronic element walfer 1n which a plurality of elec-
tronic elements are arranged;

a resin adhesion layer formed 1n a predetermined area on
the electronic element water;

a transparent support substrate covering the electronic ele-
ment waler and fixed on the resin adhesion layer; and

the optical element water according to claim 5 which 1s
adhered on the transparent support substrate so that each

optical element corresponds to each of the plurality of

clectronic elements.

9. An electronic element water module according to claim
8, wherein a space between a lowermost optical element
waler and the electronic element wafer 1s controlled by a
planarized surface of a spacer section of the lowermost opti-
cal element waler and a planarized surface of the transparent
support substrate 1n direct contact with each other.

10. An electronic element water module according to claim
8, wherein an adhesive 1s positioned 1n a space portion sur-
rounded by a bottom portion on a further outer circumierence
of a planarized surface of the spacer section of a lowermost
optical element water and the transparent support substrate,
so that the lowermost optical element watfer and the transpar-
ent support substrate are adhered to each other.

11. An electronic element water module according to claim
10, wherein the space portion by the bottom portion 1s a
suificient space for the adhesive to be put between and be
spread by a top and bottom when adhering.

12. An electronic element water module according to claim
8, wherein the plurality of electronic elements are image
capturing elements including a plurality of light receiving
sections for performing an electronic conversion on and cap-
turing an 1mage of 1image light from a subject.

13. An electronic element water module according to claim
8, wherein the plurality of electronic elements are light emat-
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ting elements for outputting output light and light receiving
clements for recerving incident light.

14. A method for manufacturing an electronic element
module, the method comprising:

a step of adhering a securing tape to a front surface side of
the optical element water of the electronic element water
module according to claim 8; and

a cutting step of simultaneously cutting the electronic ele-
ment water module from the electronic element water
side along dicing lines to be mndividualized.

15. A method for manufacturing an electronic element

module, the method comprising:

an 1mage capturing element wafer unit forming step of
adhering and fixing a transparent support substrate by a
resin adhesion layer in such a manner to cover an elec-
tronic element wafer, 1n which a plurality of electronic
clements are arranged, to form an 1mage capturing ele-
ment water unait;

a cutting step of simultaneously cutting the 1image captur-
ing element water unit from the electronic element watfer
side along dicing lines to be individualized into 1mage
capturing element units; and

a step of adhering the optical element module manufac-
tured by the method for manufacturing the optical ele-
ment module according to claim 7 to the image captur-
ing element corresponds to the optical element.

16. An electronic element module, which i1s cut from the
clectronic element water module according to claim 8 for
cach or the plurality of electronic elements.

17. An electronic information device including an elec-
tronic element module individualized by cutting the elec-
tronic element waler module according to claim 12, as a
sensor module used 1n an 1mage capturing section.

18. An electronic information device including an elec-
tronic element module individualized by cutting the elec-
tronic element water module according to claim 13, used in
an information recording and reproducing section.

19. An electronic information device including an elec-
tronic element module manufactured by the method for
manufacturing the electronic element module according to
claim 15.

20. An optical element according to claim 1, wherein:

at least one of the upper protruded section and the lower
protruded section form a spacer section on the outer
circumierence of the optical surface, the spacer section
having a predetermined thickness, and

the support plate includes one or a plurality of through
holes penetrating a portion corresponding to the optical
surface, mside a transparent resin material.

21. An optical element according to claim 20, wherein the
support plate has light shielding characteristics, an 1inner cir-
cumierence surface of the one or a plurality of through holes
of the support plate 1s configured with an inclined surface, a
side of an outer circumierence portion of the one or a plurality
of through holes 1s provided inside the spacer section, and the
side of the outer circumierence portion of the one or a plural-
ity of through holes 1s thicker than a side of a further outer
circumierence portion thereof.

22. An optical element according to claim 20, wherein the
outer circumierence portion and the further outer circumfier-
ence portion of the one or a plurality of through holes of the
support plate are connected to each other with a light-shield-
ing tapered surface for the optical surface interposed therebe-
tween.

23. An optical element according to claim 20, wherein a
surface height of the spacer section 1s configured to be higher
than a surface height of the optical surface, and the spacer
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section and the optical surface are connected to each other
with an inclined surface interposed therebetween.

24. An optical element according to claim 20, wherein the
spacer section 1s provided for each optical surface.

25. An optical element according to claim 23, wherein the
spacer section 1s a protruded portion or a planarized portion,
which 1s further protruded than a convex shape of the optical
surface, surrounding the optical surface area from the outer
circumierence portion of the optical surface with the inclined
surface iterposed therebetween.

26. An optical element according to claim 235, wherein the
protruded portion 1s annularly protruded, or 1s protruded as
part of the annular shape, more than the convex shape of the
outer circumierence of the optical surface with the inclined
surface interposed therebetween.

27. An optical element according to claim 23, wherein
when a securing tape 1s adhered on the spacer section to cover
an upper part thereof during individual cutting, the surface
height of the spacer section 1s configured to be higher than the
surface height of the optical surface so that the securing tape
does not adhere to the optical surface.

28. Anoptical element according to claim 1, wherein a part
or all of a top surface of the upper protruded section includes
a planarized surface.

29. An optical element according to claim 23, wherein a
difference between the surface height of the spacer section
and the surface height of the optical surface 1s within 20 um to
100 pum.

30. An optical element according to claim 24, wherein a
difference between the surface height of the spacer section
and the surface height of the optical surface 1s 50 um plus or
minus 10 pum.

31. An optical element according to claim 23, wherein a
difference between the surface height of the spacer section
and the surface height of the optical surface 1s 50 um plus or
minus 10 um.

32. An optical element according to claim 23, wherein the
optical surface and the spacer section are simultaneously
tformed with a transparent resin material.

33. An optical element according to claim 20, wherein a
bottom portion of a space portion for positioning an adhesive
maternal 1s provided at a further outer circumierence of the
spacer section with a tapered section interposed between the
bottom portion and the outer circumierence side of the spacer
section.

34. An optical element module, 1n which the plurality of
optical elements according to claim 20 are laminated,
wherein of an uppermost optical element and a lowermost
optical element, a height of a surface of a spacer section of at
least either optical element 1s higher than a height of a surface
of an optical surface of the optical element.

35. An optical element module according to claim 34,
wherein among the plurality of optical elements, a lens space
between the uppermost optical element and the lowermost
optical element 1s controlled by a planarized surface of the
spacer section of the uppermost optical element and a pla-
narized surface of the spacer section of the lowermost optical
clement 1n direct contact with each other.

36. An optical element module according to claim 34,
wherein an adhesive 1s positioned in a space portion and 1s
partially surrounded by a bottom portion on a further outer
circumierence side of the planarnized surface of the spacer
section of the uppermost optical element and a bottom portion
on a further outer circumierence side of the planarized surface
ol the spacer section of the lowermost optical element, so that
the uppermost optical element and the lowermost optical
clement are adhered to each other.
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37. An optical element module according to claim 36,
wherein the space portion of the bottom portion 1s a sufficient
space for the adhesive to be put between and to be spread by
bottom portions of the uppermost and lowermost optical ele-
ments when adhering.

38. An optical element module according to claim 36 or
claim 37, wherein the adhesive 1s provided on an outside of
the optical surface and an inside of a quadrilateral along
dicing lines at a predetermined width, and a vent 1s provided
at a corner portion and/or a side portion of the quadrlateral
adhesive.

39. An optical element module according to claim 36,
wherein an adhesive for capturing dust 1s further provided on
an outside of the optical surface and an 1nside of a quadrilat-
eral along dicing lines at a predetermined width, the adhesive
being cohesive even after curing of the resin.

40. The optical element module according to claim 39,
wherein part or all of the adhesive for capturing dust 1s pro-
vided facing the vent inside the quadrlateral adhesive.

41. An optical element module according to claim 36,
wherein the adhesive has light shielding characteristics.

42. An optical element module according to claim 34,
wherein of an upper surface, except for the optical surface,
and a side surface of the one or plurality of optical elements,
the optical element module further includes, a light shielding
holder for shielding at least the upper surface of the one or
plurality of optical elements.

43. An optical element water module in which the one or
plurality of optical elements according to claim 34 are
arranged 1n two dimensions.

44. An electronic element waler module, comprising:

an electronic element water 1n which a plurality of elec-

tronic elements are arranged;

a resin adhesion layer formed 1n a predetermined area on

the electronic element water;

a transparent support substrate covering the electronic ele-

ment waler and fixed on the resin adhesion layer; and

the optical element water module according to claim 43,

which 1s adhered to the transparent support substrate so
that each optical element corresponds to each of the
plurality of electronic elements.

45. An electronic element water module according to claim
44, wherein a space between a lowermost optical element
waler and the electronic element waler 1s controlled by a
planarized surface of a spacer section of the lowermost opti-
cal element water and a planarized surface of the transparent
support substrate 1n direct contact with each other.

46. An electronic element waler module according to claim
44, wherein an adhesive 1s positioned in a space portion
surrounded by a bottom portion on a further outer circumier-
ence side of a planarized surface of the spacer section of a
lowermost optical element water and the transparent support
substrate, so that the lowermost optical element water and the
transparent support substrate are adhered to each other.

4'7. An electronic element water module according to claim
46, wherein the space portion by the bottom portion 1s a
suificient space for the adhesive to be put between and be
spread by a top and bottom when adhering.

48. An electronic element water module according to claim
44, wherein the plurality of electronic elements are image
capturing elements including a plurality of light receiving
sections for performing an electronic conversion on and cap-
turing an 1mage of 1image light from a subject.

49. An electronic element water module according to claim
44, wherein the plurality of electronic elements are light
emitting elements for outputting output light and light receiv-
ing elements for receiving incident light.
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50. An electronic element module, which 1s cut from the
clectronic element water module according to claim 44 for
cach or the plurality of electronic elements.

51. An electronic element module, which 1s cut from the
clectronic element module according to claim 44 for each or
the plurality of electronic elements.

52. An electronic information device including an elec-
tronic element module individualized by cutting the elec-
tronic element waler module according to claim 48, as a
sensor module used 1n an 1mage capturing section.

53. An electronic information device including an elec-
tronic element module individualized by cutting the elec-
tronic element water module according to claim 50, used in
an information recording and reproducing section.

54. A method for manufacturing an optical element mod-
ule, the method comprising:

a step of adhering a securing tape to at least either a front
surface side or a back surface side of the optical element
waler module according to claim 43; and

a cutting step of simultaneously cutting the optical element
waler module along dicing lines to be individualized.

55. A method for manufacturing an electronic element
module, the method comprising:

a step of adhering a securing tape to a front surface side of
the optical element waler module of the electronic ele-
ment waler module according to claim 44; and

a cutting step of simultaneously cutting the electronic ele-
ment waler module from the electronic element water
side along dicing lines to be individualized.

56. A method for manufacturing an electronic element

module, the method comprising:

an 1mage capturing element wafer unit forming step of
adhering and fixing a transparent support substrate by a
resin adhesion layer 1n such a manner to cover an elec-
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tronic element wafer, 1n which a plurality of electronic
clements are arranged, to form an 1mage capturing ele-
ment waler unit;

a cutting step of simultaneously cutting the 1image captur-
ing element wafer unit from the electronic element watfer
side along dicing lines to be individualized into 1mage
capturing element units; and

a step of adhering the optical element module manufac-
tured by the method for manufacturing the optical ele-
ment module according to claim 54 to the image captur-
ing element corresponds to the optical element.

57. An electronic mformation device including an elec-
tronic element module manufactured by the method for
manufacturing the electronic element module according to
claim 56.

58. An optical element, comprising:

a single lens made of a continuous transparent resin mate-
rial including an optical surface at a center portion
thereol, the single lens further including upper and lower
annular protruded sections extending around the center
portion, wherein the upper and lower annular protruded
sections are opposing each other; and

a support plate located around the center portion of the
optical surface, the support plate being 1n between the
upper and lower annular protruded sections so that an
upper surface of the support plate contacts the upper
annular protruded section and a lower surface of the
support plate contacts the lower annular protruded sec-
tion, wherein

the support plate includes a penetrating portion and/or
concave portion for releasing the transparent resin mate-
rial when forming resin, 1n a further outer peripheral
portion of the support plate.
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